Aim. Multimorbidity is a growing phenomenon in primary care, and knowledge of the influence of social determinants on its evolution is vital. The aim of this study was to understand the relationship between multimorbidity and immigration, taking into account length of residence in the host country and area of origin of the immigrant population. Methods. Cross-sectional retrospective study of all adult patients registered within the public health service of Aragon, Spain (N = 1 092 279; 144 238 were foreign-born), based on data from the EpiChron Cohort. Age-standardized prevalence rates of multimorbidity were calculated. Different models of binary logistic regressions were conducted to study the association between multimorbidity, immigrant status and length of residence in the host country. Results. The risk of multimorbidity in foreign-borns was lower than that of native-borns [odds ratio (OR): 0.54, 95% confidence interval (CI): 0.53-0.55]. The probability of experiencing multimorbidity was lowest for Asians (OR: 0.34, 95% CI: 0.31-0.37) and Eastern Europeans (OR: 0.42, 95% CI: 0.40-0.43), and highest for Latin Americans (OR: 0.70, 95% CI: 0.68-0.72). Foreign-born immigrants residing in Aragon for ≥5 years had a higher multimorbidity risk than those residing for <5 years (OR: 2.3, 95% CI: 2.2-2.4). Conclusion. Prevalence of multimorbidity is lower among foreign-borns as compared with nativeborns, but increases rapidly with length of residence in the host country. However, the progressive development of multimorbidity among immigrants varies widely depending on area of origin. These findings provide important insight into the health care needs of specific population groups and may help minimize the negative impact of multimorbidity among the most vulnerable groups.
Introduction
Improvements in socio-economic conditions and medical advances have led to extended life expectancy, an effect accompanied by an increase in the frequency of chronic diseases. Moreover, some diseases previously associated with fatal outcomes have now become chronic conditions. Together, these changes have led to a marked growth in the number of patients with chronic diseases (1) . In fact, multimorbidity, defined as the simultaneous occurrence of more than one chronic disease, is the most common chronic condition (2) . The rise in multimorbidity prevalence means that people are living longer than ever before, but this also poses a challenge for health systems focused on dealing with individual pathologies (3) . Furthermore, multimorbidity is linked with social determinants of poor health including gender and poverty (4) .
Migration is another global phenomenon with important implications for health systems (5) . Spain has one of the largest immigrant populations of any European country. In 2010 about 6 million immigrants were living in Spain, accounting for 13% of the total population. At the time this study was conducted (2010), Spain had a tax-based National Health Service offering universal coverage, regardless of immigrants' legal status. In Aragon, a region in the north-east of Spain, immigrants represented approximately 13% of the total population in 2010, a proportion similar to that of the entire country (6) .
The interaction between migration and health is complex for multiple reasons (7) . The first of these is the heterogeneity of immigrants in terms of both their area of origin and motivation to migrate (e.g. family reunification, economic or political reasons). Second, the migratory phenomenon in itself entails the selection of the healthiest members of the population from the country of origin [the so-called 'healthy migration effect' (8, 9) ], who, after arrival in the host country, experience a rapid deterioration of health. This is due to exposure to poor health determinants in the host country, access barriers to care (legal, language, culture, etc.) (10) , and directly to the inherent stress of being an immigrant (11, 12) . These factors act in concert to produce this seemingly contradictory effect on the health status of the immigrant population (7).
To date very few studies have analysed the prevalence of multimorbidity in immigrant populations, while also considering the influence of the length of residence in the host country and area of origin (13) (14) (15) (16) . Research addressing these issues could help us to better understand the interactions between multimorbidity and these important socio-demographic factors.
The aim of the present study was to investigate the relationship between multimorbidity and immigrant status taking into account length of residence in the host country and area of origin, using data from primary care electronic health records (EHRs) for the entire population of Aragon.
Methods
This was a retrospective observational study based on the EpiChron Cohort (6, 17) , which gathers clinical and administrative data at the individual level from EHRs and the health insurance database for almost all inhabitants of Aragon. For this study, only individuals of over 14 years were included (N = 1 092 279). Of these, 144 238 were foreign-born.
For each patient, demographic variables including age, sex, country of birth and length of residence in Aragon were extracted from the health insurance database for year 2010. Data on diagnoses and the number of visits to the general practitioner (GP) were obtained from primary care EHRs. Diagnoses were coded according to the International Classification of Primary Care (ICPC-2). Subsequently, ICPC-2 codes were grouped in expanded diagnostic clusters (EDCs) using the ACG® System (version 10), and based on the clinical, diagnostic and therapeutic similarities of the diseases (17) . As broad groupings of diagnosis codes, EDCs help to remove differences in coding behaviour between GPs. The 114 chronic EDCs (out of the total list of 264 EDCs) included in the study were selected based on the list published by Salisbury et al. in 2011 (18) . Here, a chronic disease was defined as one whose duration was 6 months or more, including past conditions that required continuing care, major diseases with a recurrence risk and/or past diseases with continued implications for patient management. The term immigrant was defined as any foreign-born person, regardless of their nationality and length of residence in Spain (19) .
A dichotomous variable called multimorbidity (yes/no) and defined as the presence of two or more distinct chronic EDCs was created based on the total number of chronic EDCs assigned to each person. Age-standardized prevalence rates of multimorbidity were calculated by means of direct standardization. Binary logistic regressions were conducted to study the association between multimorbidity and immigrant status, as well as between multimorbidity and length of residence in Aragon (<5 and ≥5 years) among foreign-born participants, adjusting by age (as a categorical variable) and sex. Differences in immigrants' multimorbidity rates according to length of residence in the host country could depend on their access and use of primary care, which may be hampered at their arrival in the new country (especially among those in an irregular situation). To account for this, models were adjusted by patients' number of visits to the GP. Moreover, 4-year age-standardized death rates for Spanish and foreign-born patients were calculated as an additional sensitivity analysis, given that mortality is a universal health outcome that is independent from GPs' reporting in EHRs.
All analyses were performed considering the total foreign-born population and by separately analysing individual groups according to area of origin (Africa, Asia, Eastern Europe, Latin America and Western Europe & North America). Statistical analyses were performed using STATA (version 12; StataCorp, College Station, TX). The study was approved by the Ethics Committee for Clinical Investigation of Aragon. Table 1 shows the demographic characteristics of the study population. In general, the immigrant population had a lower prevalence of chronic diseases and a lower frequency of GP visits as compared with the native-born population. The age-standardized prevalence of the most frequent conditions stratified by age group, sex and immigrant status is shown in the Supplementary Table. Although global patterns are similar by age groups and sex, prevalence rates in foreign-born patients were lower than in the Spanish-born.
Results
The age-standardized prevalence of multimorbidity in men and women, respectively, was 33.6% (95% CI: 33.5-33.7%) and 41.0% (95% CI: 40.9-41.1%) in the Spanish-born population; 23.2% (95% CI: 22.4-24.1%) and 31.0% (95% CI: 30.3-31.7%) in the foreign-born population with a length of residence in Aragon of <5 years; and 25.5% (95% CI: 24.8-26.3%) and 35.3% (95% CI: 34.6-36.0%) in the foreign-born population with a length of residence in Aragon of ≥5 years. Figure 1 shows the risk of multimorbidity in the immigrant versus Spanish-born population, stratified by area of origin and length of residence in Aragon, and adjusted for age and sex. Adjustment for GP visits had no effect on the overall results (data not shown). The risk of multimorbidity was lower than that of the native population for all immigrant groups. This effect was most evident for those born in Asia, and least evident for those born in Latin America. In all cases, the risk of multimorbidity was higher in immigrants staying in Aragon for more than 5 years. Table 2 shows the risk of multimorbidity for immigrants according to length of residence in Aragon, sex, age and region of birth. In all cases, a length of stay over 5 years increased the likelihood of multimorbidity, an effect that was particularly marked in Asian immigrants. Moreover, in all groups, and in particular among immigrants from Africa, higher multimorbidity was observed for women. Age was also associated with higher multimorbidity, particularly among immigrants from Asia.
In line with the findings for multimorbidity, lower 4-year agestandardized death rates were also found in the foreign-versus Spanish-born population at arrival in Aragon (i.e. length of stay < 5 years). Albeit the important increase observed after 5 years, rates were still below those seen for the Spanish-born (38.3‰ versus 48.1‰) (Supplementary Figure) .
Discussion

Summary
This study identified an immigrant health profile characterized by lower multimorbidity and less GP visits as compared with the nativeborn population. However, length of residence in the host country emerged as a risk factor for multimorbidity (15, 16) . Our results suggest that immigrants arrive to Spain healthy (in agreement with the healthy migration effect), but experience a deterioration in health over time.
Strengths and limitations
The strengths of this study include the region-wide coverage, the inclusion of all registered immigrants and the lack of selection bias, as well as the grouping of immigrants according to area of origin, which recognizes the heterogeneity of the immigrant population. By measuring individual-level morbidity burden using an internationally validated tool and data from EHRs, we ensure a broad and reliable assessment of the health needs of the immigrant population (20, 21) . Our study was based on diagnoses made by physicians, avoiding self-reported bias. In fact, the global patterns and prevalence of the main chronic conditions were similar to those reported in previous studies (22) . To reduce potential misclassification of diagnoses by physicians, we used the EDCs created by the ACG system and selected the chronic diagnoses included in Salisbury's list in accordance with previous multimorbidity studies (17) . Finally, the use of administrative data allowed us to study the effects of important socio-demographic characteristics such as region of origin, length of residence in the host country and number of GP visits. Some limitations to the approach used should be noted. Our study did not consider socio-economic variables such as income, education level or legal status, which could have helped to identify some of the complex factors that condition the use of health care services (4, 12) . This important personal information is not stored in Spanish health care databases and could not be obtained in any other way while preserving anonymity. The quality and completeness of the diagnostic data derived from primary care registries and used to calculate patients' morbidity burden is also open to question. However, these databases have been validated for use in population-level comparative studies (23) such as the present one. Another weakness of our research is related with our inability to refute the 'salmon bias' or 'unhealthy remigration effect' hypothesis. This theory suggests that severely ill migrants tend to remigrate to their country of origin in order to be cared for by their families. Consequently, multimorbidity rates among immigrants could be underestimated. Although we cannot reject this possibility with our data, recently published literature seems to discard this hypothesis as the main explanation for the better health outcomes of immigrants as compared to native populations (24, 25) .
Comparison with existing literature
These findings coincide with those of a survey analysis performed in Australia by Jatrana et al. (16) reporting lower prevalence of chronic diseases in the immigrant population, that increased progressively over time. However, due to the small sample size they did not examine the influence of area of origin on this association.
In Switzerland, a survey analysis by Pache et al. (13) revealed a higher prevalence of multimorbidity in the native Swiss population as compared with the immigrant population. Again, the small sample size precluded analysis by area of origin or length of residence in the host country. The authors hypothesized that the increased risk of multimorbidity in the native-born Swiss population was due to their increased use of health services. In our study, we found that although health service use has some influence, differences persist even after adjusting for this variable, suggesting that length of residence in the host country is an independent risk factor for the development of multimorbidity. This statement is further supported by the lower but time-increasing death rates found for immigrants compared to the Spanish-born population.
To our knowledge, the only published studies that have used population data to analyse the relationship between multimorbidity and immigrant status are those conducted in Norway by Diaz et al. (14, 15) . In agreement with their findings, our overall results confirm that the prevalence of multimorbidity in immigrant populations remains lower than that of the native population even after adjusting for the number of visits to primary care. Moreover, in both Norway and in Spain the risk of multimorbidity doubled in immigrants staying in the host country for more than 5 years as compared with those with a shorter length of stay.
Our results show that Asian-born immigrants have a lower risk of multimorbidity than natives and other immigrant groups. This finding poses the question about possible inequalities in health care access in this group in comparison with the rest of immigrants, mainly Latin Americans who showed smaller risk differences with regard to the native population. Still, we believe health care access was not an important issue in our study because: (i) legal access was equal for all immigrants during the study year; (ii) the study was carried out in immigrants who had obtained a health insurance card; and (iii) we adjusted our analyses by number of visits to the GP and results did not changed.
Implications for research and/or practice
Given that most immigrants are exposed to adverse social health determinants, the initially lower risk of multimorbidity observed for all immigrant groups, as well as the progressive deterioration in health associated with a longer length of residence in the host country support the relationship between poverty and multimorbidity identified in other studies (7, 12, 26) . Likewise, migration itself as a social determinant of health may constitute a stressor that contributes to a worsening of health status in immigrant populations. Doamekpor et al. (11) recently studied the importance of the allostatic load as a factor contributing to the decline in health seen in immigrant populations due to the accumulation of adverse exposures over time.
In our study, we observed significant differences depending on the area of origin of immigrant groups in terms of both the prevalence of multimorbidity and the negative impact of a longer length of residence in the host country. The deterioration of health associated with length of residence in the host country was fastest for Asian immigrants. By contrast, this variable appeared to exert less of an influence in immigrants born in Latin American. These differences underscore the heterogeneity of the immigrant community and the importance of considering social factors such as area of origin when performing such analyses. The fact that immigrant status and socio-economic conditions are mutually interrelated (7, 12) emphasizes the importance of an individualized approach when studying immigrant populations.
Conclusions
The prevalence of multimorbidity in this north-eastern region of Spain is lower in the foreign-born versus the Spanish-born population, increasing rapidly in the former group with increasing length of residence in the host country, but in no case surpassing that of the Spanish-born population. Progression towards multimorbidity among immigrants varies widely depending on their area of origin. Further studies will be required to attain a better understanding of the determinants underlying this phenomenon, including the role of health systems. The present findings provide important insight into the health care needs and the approaches necessary to minimize the negative impact of multimorbidity among the most vulnerable population groups.
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